INTRODUCTION
Renewable technologies are considered as clean sources of energy, and optimal use of these resources are to minimize environmental impacts, produce minimum secondary wastes, and these are sustainable based on current and future economic and societal needs. A renewable energy source can be defined as a simple, sustainable resource available over the long term at a reasonable cost that can be used for any task without negative effects [1] [2] . Renewable energy sources include both direct solar radiation by collectors and indirect solar energy such as wind, hydropower, ocean energy and biomass resources that can be managed in a sustainable manner [2] [3] [4] .
Positive points in the use of renewable energy sources are; increased diversity in energy supply options, both for developed and developing countries, less dependence on fossil fuels, the increase of net employment, the creation of export markets and a reduction in greenhouse gas emissions and climate change [5] [6] . Renewable energy supplies 18% of the world's final energy consumption counting traditional biomass, large hydropower, and "new" renewable (small hydro, modern biomass, wind, solar, geothermal, and biofuels). Traditional biomass, primarily for cooking and heating, represent about 13% and is growing slowly in some regions, as biomass is used more efficiently or replaced by more modern energy forms. Large hydropower represents 3% and is growing modestly, primarily in developing countries. New renewable represents 2.4% and are growing very rapidly in developed countries and in some developing countries. Main renewable energy sources and their usage forms are given in Table 1 [4-15]. Modern biomass Pyrolysis, gasification, digestion, heat and power generation, 8 .
Geothermal Hydrothermal, hot dry rock, urban heating, power generation,
SMALL HYDRO POWER
Hydropower systems are dependent on very specific combinations of geography, demand and land-use issues, and many of the current opportunities for hydropower are in small hydro. The definition of small hydro varies, but typically pertains to hydro projects generating up to 10 MW. A maximum of 10 MW is the most widely accepted value worldwide.
Small hydro installations were cheaper to run, but expensive to build. The concept is changing now with smaller, lighter and high-speed turbine equipment, low cost electronic speed and load control systems and inexpensive plastic penstock.
Small-scale hydropower is one of the most cost-effective and reliable energy technologies to be considered for providing clean electricity generation [1, [7] [8] [9] [10] [11] [12] .
Capital investment in SHP has still been higher than in a diesel generating system of comparable capacity, the long life and low operating costs, which make it an attractive option for many applications. Small hydroelectric system provides clean, cheap electricity for local applications. Small-scale system captures the energy of flowing water and converts it to electricity. Although the potential of the small hydroelectric system depends on the availability of water flow, where the resource exists, it can provide cheap, clean and reliable electricity. Figure 1 shows a schematic typical small hydro power plant scheme. Water is taken from the river by diverting it through an intake at a weir. The weir is a manmade barrier across the river, which maintains a continuous flow through the intake. Before descending to the turbine, the water passes through a settling tank or forebay, in which the water is slowed down sufficiently for suspended particles to settle out. The freebie is usually protected by a rack of metal bars (a trash rack), which filters out waterborne debris which might damage the turbine such as stones, timber, or man-made litter [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] . Hydro power has been considered as a standout among the most dependable and flexible type of renewable energy source, which can satisfy both base and pinnacle request. Around 1.31 TW of hydro power has been created overall, which is 16.3% of the aggregate request of power. As per a report in 2008, in view of the structure of renewable, vitality assets saddled indicate 86.31% of the renewable energy is created by hydropower plant [3] . Hydro turbines are heart of hydro power plants and working of hydro power plants primarily rely upon turbine effectiveness. The variable, which influences the execution of hydro turbines is residue disintegration. Sediment disintegration is for the most part considered as steady evacuation of material created by disfigurement and cutting activity [6] [7] [8] [9] .
The fundamental driver of disintegration in hydro turbine parts is the mix of high grouping of residue with a higher rate of quartz substance in water, which is to a great degree hard material. Erosion in hydro turbines for the most part rely on upon different variables like sediment size, sediment concentration, working hours, stream velocity, jet diameter, residue shape and nozzle angle [10] [11] [12] . In case of impulse turbine buckets, nozzle, blades and needle are affected due to silt erosion, and in case of reaction turbines, runner blades, face plates and guide vanes are prone due to sediment erosion. Because of sediment disintegration stream design changes, loss in effectiveness and vibration delivered, lastly breakdown of hydro turbine happen. Various research have been attempted to foresee the conduct and to decrease the impact of disintegration in hydro turbines, because of sediment [13] [14] [15] [16] [17] [18] [19] [20] .
Bain et.al [21] built up a relationship to explore the disintegration rate by gathering broad data from a bench scale test rig. The connection can be spoken to in the given shape as, =
Where, W is erosion rate, V is the velocity of the particle, d is particle size, C is solid concentration, and K, β, γ and φ are constants, whose values depend on the properties of the rodent as well as the target material. Khurana et al. [22] have conducted a research work on Turgo impulse turbine blade.
Tsuguo [23] 
EXPERIMENTAL PROCEDURE
Before beginning the investigation, a trial test was directed to check the best possible working of the entire setup.
Legitimate work of the considerable number of instruments was additionally confirmed. At the first administration, pump drew water from the capacity tank and provided it to the turbine. Water from the turbine was permitted to move through www.tjprc.org editor@tjprc.org second, fitted with the rectangular score for release estimation. The height of water over the crest of the notch was recorded by a pointer gauge and the release of the pump relating to every head was resolved. The figuring of release will be made based on the height of water (h) streaming over the peak.
To examine the impact of residue disintegration on containers of Pelton turbine, silty water of known focus was set up in the principal tank. For providing a uniform blend of sediment and water ceaselessly to turbine, a stirrer was tuned with the assistance of engine.
Amid, tests head and stream were kept steady. One arrangement of readings was taken at four estimations of time interim of 2 h by keeping one parameter as fix and other parameter as variable. To assess disintegration qualities, an aggregate 192 arrangements of the readings were recorded by taking distinctive estimations of residue size four arrangements of trials, also for sediment focus, four arrangements of examinations, and for stream speed, three arrangements of tests were directed. To explore the disintegration in containers, they were destroyed after, at regular intervals of investigation. An advanced adjust of Tapson make with traverse go from 10 g to 210 g and least count of 0.1 mg were utilized to gauge loss of weight. Be that as it may, because, of course, of silty water to turbine runner, the impeller of the pump got disintegrated after a certain time of operation, so, the impeller was supplanted with new impeller.
Range of Parameters
In this test, work residue measure, sediment focus, stream speed and working hours were researched parameters.
For this, the specimen of sediment was gathered from camera lake, Chamba (HP, India), in which the sediment concentration amid storm season was around 20000 p.m., and the normal quartz substance was observed to be around 80%.
The residue was dried in the daylight for 3-4 days and sifters of various sizes were utilized to strainer the sand, before blending with water. The scope of parameters utilized in the present review appears in Table 3 . 
UNCERTAINTY ANALYSIS
Uncertainty in experimental measurements has been carried out. Let a set of measurement is made and the uncertainty in each measurement may be expressed. These measurements are then used to calculate some output (result) of experiments. The result (R) is a given function of the independent variables x 1 , x 2 , x 3 …x n . Hence ) ,......., , (
Let W R be the uncertainty in the result and W 1 , W 2 , W 3 ,………., W n be the uncertainties in the independent variables. The resultant uncertainty (W R ) is calculated as; The maximum possible measurement errors in the values of major parameters are given below in Table 4 . 
RESULTS AND DISCUSSIONS Silt Concentration
In light of test examination, the graphs were plotted to talk about the impact of sediment concentration on the wear rate on the containers of Pelton runner, as appearing in 
Silt Size
To watch the impact of sediment size on the disintegration rate of various buckets of the runner, distinctive size of residue were considered while different components like sediment concentration, working time and stream speed stayed steady. From Figure 5 , variety of mean particle size of standardized wear for various sediment concentrations for 8 h of operation can be anticipated. From the figure, it can be watched that with the ascent in the extent of the particle erosive wear rises on the grounds, a more noteworthy size particle has high energy of impact. An indistinguishable perception was broke down by different observers. [24, [27] [28] [29] .
Stream Velocity
Various examinations were directed at different heads to watch the impact of stream velocity on erosive wear rate.
It has been seen from literature review [29] [30] [31] that with ascend in stream velocity, the erosive wear raises relatively as uncovered in Figure 6 . Subsequent examinations were completed for a given molecule size and focus. It can be seen that the erosive wear rate takes following the power law, with respect to stream velocity (i.e. W ∝V n ). The estimation of n for this review is 1.94, which can be seen from the relationship in Figure 6 . 
Finite Element Method
In the present work, modeling of runners and blades were carried out on ANSYS software. The stress analysis is carried out in Ansys work bench. The main purpose of using Ansys is to find out position of stress and deformation acting on Pelton bucket. The basic concept used in finite element method is that, a body or the structure may be divided into smaller elements of finite dimensions, called finite elements. The original body or the structure is then considered as an assemblage of these elements connected at a finite number of joints, called nodes or nodal points. The properties of the elements are formulated and combined to obtain the solution for the entire body or structure. The finite element method, sometimes referred to as finite element analysis, according to a computational technique used to obtain approximate solutions of boundary value problems in engineering. In the early years, applications were performed using mainframe computers, which at the time, were considered to be very powerful, high-speed tools for use in engineering analysis.
During the 1960s, the finite element software code NASTRAN was developed in conjunction with the space exploration programmed in the United States. NASTRAN was the first finite element software code. Among these, ANSYS & ALGOR are also used in computerized environment. The Bucket of Pelton turbine was modeled in Solid Works software.
The designs of blades were converted in to IGES format, and they were imported in ANSYS software (Version 15.0) for www.tjprc.org editor@tjprc.org meshing. Physical parameters and mechanical properties used in the present analysis as shown in Table 5 .
The Four Tasks Involved in the Analysis Process Were Given as:
• Modeling of the geometry on solid works software.
• Meshing the geometry on Ansys.
• Solving the equations on software.
• Post processing to obtain the results. Poisson's Ratio 0.34
After experimentation, it was watched that the pattern of erosion was indistinguishable in every one of the buckets. In Pelton turbine buckets, extraordinary disintegration was started along the profundity and at the score of the bucket. The splitter zone was additionally antagonistically influenced, because of disintegration as appeared in the pictorial perspective of one of the basins in Figure 7 and CFD domain as shown in Figure 8 . The impacts of residue parameters and working parameters of standardized wear rate are talked about as takes after. Figure 9 shows the equivalent elastic strain on Pelton bucket, equivalent stress on Pelton bucket and total deformation in Pelto bucket. The simplest equation for erosion is:
The values of the normalized wear, which we get from experimental work are used to find the effect of silt size on normalized wear, a plot for wear versus silt size was plotted and a power law line has been fitted to obtain the relation as shown in Figure 10 .
Where, S is silt size andA 0 is a constant whose value is a function of other parameters, i.e. C, V and t.
To observe the effect of C, V and t, W/S 0.1159 were plotted against C (concentration), which is shown in Figure 10 .
A regression analysis to fit a straight line and a relation is obtained as below:
In this relation, C is the silt concentration and B is a constant whose value depends upon two factors, i.e. V and t.
www.tjprc.org editor@tjprc.org Therefore, a graph was plotted between W/S 0.118 · C 0.967 versus V (stream velocity), which is shown in Figure 11 .
From the Figure 11 , the following relation is obtained:
Where, V is the stream velocity and Cis a constant which depends upon time t. Therefore, to see the effect of operating time on wear rate, a graph was plotted between 
CONCLUSIONS
In this trial work, tests were directed for wear rate as a component of residue parameters and working parameters and from this trial work, we have presumed that:
• The erosive wear rate increases with the expansion in silt concentration, silt size, stream speed and working hours of turbine. According to perceptions, erosion was extraordinary at the profundity of the sharp edge and at the scores.
• The erosion on Pelton turbine bucket has been observed experimentally, as shown in Figure 3 , and from this figure we can observe that maximum erosion occurs at splitter and the notch of the bucket. This result has been compared with Finite Element Analysis (Ansys software), which can be observed from Figure 14 that maximum deformation occurs at splitter and the notch of the bucket. The deformation produces inside the bucket, due to silty water.
• Investigation demonstrates the impact of various silt concentrations on the standardized wear for the size variation of 90µm to 450µm. It is clear from the graphs that for the concentration range of 2000 ppm to 8000 ppm, the normal standardized wear lies between 0.00078 cm to 0.00256 cm with steady speed of 25.46 m/s. As sediment size increases, standardized wear increases and likewise standardized wear is additionally inclined to fly speed.
• The examination likewise demonstrates that, sediment is a standout amongst the most dissolving components, and more prominent size sand particles have a high disintegration rate than smaller particles, streaming with water.
The size assumes the key part, yet it could be according to shape, mineral substance and so on.
• By utilizing test comes about, a relationship was built up for wear rate as a component of silt concentration, silt size, stream velocity and working hours of turbine. The connection built up in this review can be utilized to foresee the standardized wear with ±12. 8% error. The created relationship might be utilized to watch the disintegration in Pelton turbine buckets at the generation period of a turbine, at the assembling site, as a large portion of the power plants frequently close down because of the early disintegration of the material of turbine hardware.
